Rather than attempting to summarise the full spectrum of recent advances in Beyond the Standard Model (BSM) theory, which are many, in this talk I will instead take the opportunity to focus on two frameworks related to the hierarchy problem currently receiving significant attention. They are the 'Twin Higgs' and the 'Relaxion'. I will summarise the basic underlying structure of these theories at a non-expert level and highlight some interesting phenomenological signatures or outstanding problems.
Introduction
In the wake of Run I of the LHC the core puzzles which force us to look beyond the Standard Model remain. The hierarchy problem, which is the focus of this talk, has become ever more acute. The central issue of the hierarchy problem is that the mass-squared parameter of the Standard Model, which determines the weak scale, is quadratically sensitive to new physics at higher energies. For the Standard Model taken in isolation this would not pose any problem as this parameter could be taken as an input. This might tempt one to suggest that there is only the Standard Model and thus side-step any potential issue. However gravity alone, and in particular the scale where quantum effects in gravity become important (the Planck scale), suggests the existence of new physics at energy scales M P ∼ 10 18 GeV which would feed into the Higgs mass and the weak scale, contradicting the observed hierarchy v = 246 GeV M P . Other suggestions for new physics scales arise in the form of the Landau pole for Hypercharge, the Majorana mass required for the neutrino mass See-Saw mechanism, the symmetry breaking scale in Grand Unified Theories, the Peccei-Quinn breaking scale, the inflationary scale, and so on. Thus the "Standard Model Only" option is seemingly unavailable.
Another logical possibility is that the new physics at higher energy scales, such as quantum gravity, does exist but does not for some reason destabilise the Higgs mass. If this were the case then the Higgs mass may again be taken as an input parameter, or with more machinery may be generated dynamically in some way. In essence this would correspond to a boundary condition on the theory such that the Higgs mass parameter is extremely small at e.g. the Planck scale and receives no large contributions. Unfortunately, it has not been robustly demonstrated that there can exist such a theory of quantum gravity which finds a loophole in the simple Wilsonian arguments that lead to our picture of the hierarchy problem. Thus this class of possibilities is currently unsatisfying and, although an interesting and worthwhile area of active investigation, 1 does not yet exist as a robust solution of the hierarchy problem.
It would seem then that the only option left on the table is to take the hierarchy problem at face value and to try and solve it at energies below the Planck scale within field theory. A handful of options for solving the hierarchy problem have been proposed over the last few decades and among them a leading possibility is Supersymmetry. Supersymmetry enforces a fermionic symmetry which ties the mass of the Higgs scalar to the mass of a fermion, the 'Higgsino'. Since fermions enjoy chiral symmetries which protect their mass, and the scalar mass is now tied to the fermion mass, one can see how this symmetry can solve the hierarchy problem. However Supersymmetry now faces serious phenomenological issues.
During Run I of the LHC a vast array of measurements directly explored many corners of high energy Standard Model phenomenology and, with the exception of a few tentative hints for new physics which remain to be investigated during Run II, the Standard Model continues to reign supreme. No evidence for a resolution of the hierarchy problem has yet arisen. With regard to Supersymmetry the simplified limits on stop squarks shown in Fig. 1 paint a lucid picture. To convincingly solve the hierarchy problem we would expect the stop squark masses to lie below scales of ∼ 400 GeV or so. However we see in Fig. 1 that much of this parameter space is already ruled out in a simplified model. Of course it is possible that the stop squarks and other SUSY 
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Expected limits All limits at 95% CL -1   =8 TeV, 20 fb  s  t0L/t1L combined  t2L, SC  WW  t1L, t2L  tc resonances are light but have evaded detection thus far due to a variety of different mechanisms. However it is becoming ever more difficult to dodge the conclusion that a plethora of figures such as Fig. 1 from LHC Run I are telling us that the most basic ideas of Supersymmetric naturalness are unlikely to be realised in nature.
In addition to the direct searches for new physics, the discovery of the Higgs boson during Run I has also cast stark light on the nature of many solutions to the hierarchy problem. In Supersymmetry the Higgs boson is expected to be reasonably light at tree level m 2 h M 2 Z , thus the measured mass m h = 125 GeV points towards one loop corrections, mostly from stop squarks, that are comparable to the tree level contribution. This pushes Supersymmetry into uncomfortable territory where heavy stops squarks are required and significant tuning is a consequence. Furthermore, the measured couplings of the Higgs boson, shown in Fig. 2 , already suggest a Higgs boson with properties similar to the Standard Model Higgs. However in natural solutions to the hierarchy problem the Higgs boson couplings will typically be modified, often by an O(1) factor. These observations indirectly put pressure on the possible structure of a solution to the hierarchy problem. All-in-all, while conventional Supersymmetric models may still be realised in nature, this compelling theoretical picture is now in tension with the empirical picture that has emerged from Run I of the LHC.
What does all of this mean for the hierarchy problem? First of all, it is clear that the lack of observation of BSM physics at Run I does not mean that the hierarchy problem has somehow vanished. Rather it is now more acute, more formidable, a more pressing challenge. In response, theorists are reluctant to surrender to potentially flimsy speculations about the possible behaviour of unknown physics at high energies. On the contrary, the LHC Run I observations have stimulated a fresh wave of creativity on the theoretical front, of which I will now attempt to review a subset. Due to limitations of time in this talk I will focus only on a radical old idea, the 'Twin Higgs' [5] mechanism which is receiving renewed attention, and on a radical new idea the 'Relaxion' [6] , which may open the door to an entirely new class of solutions to the hierarchy problem intimately tied to the cosmology of the early Universe. 
The Twin Higgs
At its heart the Twin Higgs [5] is a Pseudo-Nambu-Goldstone (PNG) Higgs model. I will attempt to present the model from this perspective. Goldstone's theorem tells us that when a continuous global symmetry is spontaneously broken there will exist massless degrees of freedom. This is immediately suggestive of a candidate structure for solving the hierarchy problem, since it may allow scalar particles to be significantly (and naturally) lighter than other mass scales in the theory. Let us now consider a practical example that we will grow piecewise into the Twin Higgs
We begin with a scalar multiplet H transforming as a fundamental under a global SU(4) symmetry. The renormalizable potential for this theory is
where we have intentionally written a negative mass-squared. In the vacuum the global symmetry breaking pattern is SU(4) → SU(3), thus irrespective of the magnitude of m there will exist 7 massless Goldstone bosons. It is important to keep in mind that m could be very large and in a theory with new physics scales, m 2 will contain all of the perturbative divergent contributions. For example, if there are new states of mass Λ we expect contributions m 2 ∼ loop × Λ 2 . This does not introduce additional quadratic divergences to the mass of the Goldstone bosons since these contributions are SU(4) symmetric and thus the Goldstone boson masses are still protected by Goldstone's theorem. Let us break up H into a representation of SU(2) A × SU(2) B ⊂ SU(4) as
We may rewrite Eq. (2.1) as
which is precisely the same as Eq. (2.1), but written in a different manner. We now augment the theory by gauging the two SU(2) A × SU(2) B subgroups. If the vacuum expectation value for H lies completely in the H B field then the three Goldstone bosons from H B will be eaten by the SU(2) B gauge bosons, to become their massive longitudinal components. The four Goldstone bosons from H A will remain uneaten because the off-diagonal gauge bosons of SU(4) which would have eaten these degrees of freedom were explicitly removed from the theory when we chose not to gauge the full SU(4) symmetry. Thus we have four light scalars charged under the unbroken SU(2) A gauge symmetry. It is apparent that if SU(2) A could be identified with the SM weak gauge group, and if H A could be identified with the SM Higgs doublet, then we have a candidate solution of the hierarchy problem. However there are some further complications which must first be overcome.
The first point to note is that by coupling the scalars to gauge bosons we have introduced a new source of quadratic divergences. Regularising the theory with a cutoff Λ we generate terms such as
where as yet there is no reason to believe the effective cutoff is the same for each field. However, if we impose an exchange symmetry on the entire theory A ↔ B then g A = g B , and assume the UV physics respects this exchange symmetry, such that Λ a = Λ b , then the contributions in Eq. (2.4) are equal. Furthermore, because they are equal they respect the SU(4) symmetry, thus they do not actually introduce any new quadratically divergent contributions to the Goldstone boson masses. Hence these dangerous contributions have been ameliorated by a combination of Goldstone's theorem and the fact that an exchange symmetry accidentally enforces an SU(4)-invariant structure on the quadratic part of the action. This is worth reemphasising: quadratic divergences have not been removed from the theory, but the sensitivity of the Goldstone boson masses to those divergences has been removed by Goldstone's theorem. Unfortunately at the level of the quartic couplings the picture is not as clean. The scalar quartic couplings will run logarithmically due to the gauge interactions. This running must only respect the exchange symmetry and the SU(2) A × SU(2) B symmetry, but not necessarily the full SU(4) symmetry. In practice, even if we enforce an SU(4) symmetric scalar potential in Eq. (2.3) at a scale Λ, at the lower scale of symmetry breaking m we expect additional contributions to the effective potential
Even when we impose the exchange symmetry, g A = g B , Λ a = Λ b , these terms explicitly break the SU(4) symmetry, thus they will in general lead to a non-zero mass-squared for the now pseudoGoldstone bosons
This tells us that in this theory we may only hope to have a loop factor in the hierarchy m 2 h ∼ g 4 A 16π 2 m 2 , and, as m is quadratically sensitive to the cutoff, a loop factor in the hierarchy m 2 ∼ g 2 A 16π 2 Λ 2 . In the end of the day with this mechanism we expect the cutoff scale of the full theory to be a weak loop factor above the weak scale, demonstrating that the Twin Higgs can only be a solution to the little hierarchy problem and to solve the full hierarchy problem this theory must be UV-completed. Proposed scenarios for UV completion include a holographic model [7] , composite 4D models [8, 9] , and SUSY models [10, 11, 12] .
A final issue is that the theory presented above respects the exchange symmetry A ↔ B. This implies that the vacuum will also respect this symmetry, with v A = v B . Amongst other things, this predicts that the SM Higgs boson would be a perfect admixture of H A and H B and would couple to the SM gauge bosons with a suppression factor cos θ AB = 1/ √ 2. Clearly this is at odds with observations. To resolve this issue let us now introduce a small soft symmetry breaking term
This term explicitly breaks the global symmetry and even the exchange symmetry. 2 It is important to note that since m B breaks the exchange symmetry it may be small in a technically natural manner. One way of seeing this is that it may be the only parameter which breaks this symmetry, thus all explicit exchange breaking must enter proportional to this parameter, hence all explicit breaking mass parameters are m 2 GB ∝ m 2 B Λ 2 . Even though the Goldstone bosons have obtained mass from this operator, this mass is insensitive to the cutoff and can be naturally small: m GB Λ, where Λ can be interpreted as the cutoff of the theory. Importantly, this exchange symmetry breaking can align most of the vacuum expectation value into the B sector, realising v A v B . This will suppress the Higgs mixing with the other SM neutral scalars and will also allow a hierarchical structure v A v B Λ, at the cost of a tuning comparable to v 2 B /v 2 A . As far as the scalar fields and the gauge interactions are concerned, this is essentially all that is required of the Twin Higgs model. Hypercharge may be trivially included in this picture. The last step is to couple the SM Higgs to fermions. If we add Yukawa couplings of H A to fermions, for example the up quarks, as
then we see an immediate problem. The top quark loops lead to SU(4)-violating quadratic divergences
and the solution has been destroyed. However, the resolution is immediately apparent. We enforce the exchange symmetry A ↔ B by introducing Twin quarks with identical couplings, such that the Yukawa couplings are now
and the quadratic divergences are once again SU(4)-symmetric We can also see that if the Twin symmetry is imposed for all degrees of freedom, including gluons and leptons, then at any loop order the Higgs mass will still be free of quadratic sensitivity to the cutoff. This is the essence of the Twin Higgs mechanism which, in the simplest incarnation, requires an entire copy of the SM which is completely neutral under the SM gauge group, but with its own identical gauge groups. The only communication between the SM and the Twin Sector is through the Higgs boson, as I will describe soon.
The presentation of the Twin Higgs mechanism may appear somewhat backwards and a little laborious in comparison to other possible presentations. This has been intentional, in the hope that it may anticipate a potential misconception for those not familiar with Twin Higgs model. It is sometimes considered that it is seemingly ad hoc or arbitrary to add an entire copy of the SM for the Twin Higgs mechanism to work. Hopefully this section has made it clear that there is nothing arbitrary about the introduction of the new fields. The mechanism is not justified by adding an entire copy of the SM and then proving a diagram-by-diagram, and loop-by-loop, cancellation of quadratic divergences. Rather, the new fields are introduced in order to realise an exchange symmetry A ↔ B. The exchange symmetry ensures that at the quantum level the quadratic part of the scalar potential respects an accidental SU(4) symmetry, even with quadratic divergences included. The observed Higgs boson mass is insensitive to this SU(4)-symmetric quadratic divergence because it is a pseudo-Goldstone boson of spontaneous SU(4) breaking. 3 It is noteworthy that this structure has recently been generalised to the 'Orbifold Higgs' of which the Twin Higgs is an example [14, 15] . This generalisation opens up many new possibilities for the underlying symmetry structure of this class of models.
On purely aesthetic grounds the Twin Higgs model could be compared to other solutions to the hierarchy problem, or even to Supersymmetry with a modest tuning embraced. The outcome of this comparison would dependent on the individual aesthete. However, at least with respect to the hierarchy problem, nature has shown little regard for the aesthetic predilections of model builders and thus it is important that all interesting ideas for resolving the hierarchy problem, however little, be investigated at colliders.
Phenomenology
Compared to weak scale Supersymmetry, where the copious production of new coloured particles at the LHC is a generic prediction, the collider signatures of the Twin Higgs are thin on the ground. In both theories a key prediction is the existence of so-called 'top partners' which regulate the quadratically divergent top quark loops contributing to the Higgs mass-squared. These top-partners must be close to the weak scale and are thus a prime target for testing either theory. In Supersymmetry these are the coloured stop squarks and collider limits are already closing in on natural parameter space. In the Twin Higgs these are fermions charged under Twin QCD T but not under SM QCD. They are in fact the first known example of a theory with the moniker "Neutral Naturalness", used to describe theories in which the top-partners are not charged under QCD. This drastically suppresses top-partner production at the LHC since the only coupling to the SM is through the Higgs and any top-partner production must go through an off-shell Higgs boson. The most promising approaches to test the Twin Higgs lie elsewhere.
One very robust prediction of the Twin Higgs scenario is a universal suppression of Higgs couplings to SM states. The reason for this is that the Higgs bosons from both sectors, h A and h B , have a mass mixing controlled by the hierarchy of vevs v 2 A /v 2 B . As h B is a SM singlet this is equivalent to the usual "Higgs Portal" mixing scenario where all Higgs couplings are diluted by a factor cos θ . This mixing may be constrained by searching for an overall reduction in Higgs signal strengths at the LHC and, since the ratio v 2 A /v 2 B is a driving indicator of the tuning in the theory, Higgs observations directly probe the tuning of the Twin Higgs scenario. In fact, one-loop LEP constraints on modified Higgs couplings already push this tuning to the ∼ 10 − 20% level [16] .
Another possibility is that due to the Higgs Portal mixing the heavy Higgs boson may be singly produced at the LHC and it could decay in SM states with signatures, but not signal strengths, identical to a heavy SM Higgs boson. It may also decay to pairs of Higgs bosons, leading to resonant di-Higgs production.
More exotic signatures arise once the Twin sector is considered in full. If Twin sector states are produced through the Higgs Portal they may decay into lighter Twin sector states, eventually cascading down to the lightest states within the Twin sector. These lightest states may then decay back into SM states, leading to a huge variety of exotic signatures. In essence, the Twin Higgs scenario provides a framework in which many so-called 'hidden valley' signatures [18, 19, 20] may be realised. As the motivation comes from the hierarchy problem, it is necessary that the new states must lie within some proximity to the weak scale. Taking naturalness as a guide there are many possibilities for the spectrum in the Twin sector since it is possible that the lighter states which are less relevant for Higgs naturalness may have modified couplings to the Twin Higgs or may even not exist in the theory, as in the 'Fraternal Twin' scenario [17] . 4 A particularly interesting example is for exotic Higgs decays into Twin glueballs, as depicted in Fig. 3 . This is possible because the Higgs couples to the Twin Top quarks, leading (at one loop) to a coupling to Twin gluons. The Higgs may thus decay to the Twin glueballs, which then decay back through an off-shell Higgs to SM states, including bottom quarks. Such an exotic Higgs decay signature can be used to search for the Twin sector states. The expected reach for scenarios like this, taken from [22] , is shown in Fig. 4 . 
Dark Matter
Finally, it would be remiss to omit any discussion of dark matter in Twin Higgs models, since recent work has shown that the Twin Higgs setup is very attractive in this respect. One observation is that a number of states in the Twin sector have weak-scale masses, such as the Twin τ T lepton and also the Twin weak gauge bosons Z T ,W ± T . Furthermore, these states couple to other states in the Twin sector with Twin weak gauge couplings, which by the Twin symmetry are comparable to the SM weak gauge couplings. It is not surprising then that if any of these states are cosmologically stable the Twin Higgs framework offers up excellent candidates to satisfy the so-called 'WIMP Miracle'. In fact, it has been shown that in variants of the Twin Higgs the Twin τ T lepton and the Twin W ± T bosons, and even stable Twin glueballs, are valid dark matter candidates that may realise the observed dark matter density through thermal freeze-out while satisfying observational constraints [23, 24] .
The picture for asymmetric dark matter is equally compelling. It has long been known that the dark matter density may arise from an asymmetry in number density between dark baryons and dark anti-baryons, rather than originating from thermal freeze-out. Furthermore, it may be that the dark number asymmetry is linked to the visible sector baryon number asymmetry if both are generated from the same mechanism in the early Universe. Although we will not go into the details here, it is relatively straightforward to realise a scenario to predict a relationship between the visible baryon and dark baryon number asymmetries. If these number asymmetries are the same then a key prediction is the mass of the dark matter, m DM ∼ 5 GeV. This is an intriguing possibility. However, unless a model robustly predicts this value for the mass, the observed dark matter density is not specifically predicted by the model, although it is accommodated. However, in the Twin Higgs scenario a new confining gauge group, Twin QCD T , is predicted and as the Twin sector states are heavier than the SM states it may run to strong coupling a little sooner than SM QCD. In this case there is a strong motivation for stable Twin baryons to have mass in the ballpark of 5 GeV and models realising this possibility have been found [25, 26] .
The Relaxion
Recently a radical new approach to the hierarchy problem, "The Relaxion", has been proposed [6] . 5 As emphasised in [6] , if the Higgs is a fundamental scalar then the hierarchy problem relates to the fact that if we keep the theory fixed but change the Higgs mass, the point with a small Higgs mass is not a point of enhanced symmetry. However, this may be a special point with regard to dynamics, since this is the point where the SM fields become light.
This perspective suggests that theories may exist where the Higgs mass is an evolving parameter in the early Universe. Once the Higgs mass-squared becomes very small, or passes through zero, some non-trivial dynamics may occur which halts the evolution of the Higgs mass-squared, fixing it at a hierarchically small value. This is precisely the form of the relaxion proposal.
The structure of the theory is relatively simple to write down. Let us consider the SM as an effective theory at the scale M, which is the cutoff of the theory. Following the standard EFT rules we include all of the operators, including non-renormalizable ones, consistent with symmetries. All dimensionful scales are taken taken to the cutoff M. We add to this theory a scalar φ which is invariant under a continuous shift symmetry, φ → φ + κ, where κ is some constant. This shift symmetry only allows for kinetic terms for φ . We then add a dimensionful spurion field g which breaks this shift symmetry. As g is the only source of shift symmetry breaking then a selection rule may be imposed, such that any potential terms for φ will enter in the combination (gφ /M 2 ) n . Thus the theory is written
where the ellipsis denote all of the other higher dimension terms and it should be understood that the coefficients of all the operators in Eq. (3.1) could vary by O(1) factors and the negative signs have been taken for ease of presentation. The next step is to add an axion-like coupling of φ to the QCD gauge fields
This coupling is very special. As G G is a total derivative, in perturbation theory Eq. (3.2) preserves the shift symmetry on φ , thus it is consistent to include this operator without a factor of g in the coupling. Perturbatively this operator will not generate any potential for φ , thus all of the shiftsymmetry breaking terms involving g remain radiatively stable and it is technically natural for them to be small. However, non-perturbatively the full topological structure of the QCD vacuum breaks the shift symmetry φ → φ + κ down to a discrete shift symmetry φ → φ + 2π f z, where z is an integer. Thus the complete story is again one of symmetries. φ enjoys a shift symmetry which is broken to a discrete shift symmetry by QCD effects. The discrete shift symmetry is then broken completely by g. The final trick lies in the fact that the φ -potential generated by QCD effects depends on the light quark masses, which in turn depend on the Higgs vacuum expectation value. In practice this
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• Cosmological evolution potential will be
This dependence can be understood from the fact that if one quark q were massless, then an anomalous chiral rotation q → e iφ / f q could eliminate φ from Eq. (3.2) and it would not reappear in a quark mass term. Let us now consider the vacuum structure of the theory for two values of φ . If M 2 − gφ > 0 then the effective Higgs mass-squared is positive. QCD effects will break electroweak symmetry, and quark condensation will lead to a tadpole for the Higgs field, which will in turn lead to a very small vacuum expectation value for the Higgs. Thus in this regime the axion potential of Eq. (3.5) exists but is extremely suppressed. If M 2 − gφ < 0 the effective Higgs mass-squared will be negative and the Higgs will obtain a vacuum expectation value.
The general idea of the relaxion mechanism is sketched in Fig. 5 . Imagine at the beginning of a period of inflation the relaxion field begins at values far from its minimum. We can, without loss of generality, take this to be at φ = 0. Due to its potential it will roll, with Hubble friction providing the necessary dissipation for this to occur in a controlled manner. All the while the effective Higgs mass-squared is evolving. Once the effective mass-squared passes through zero the Higgs will obtain a vacuum expectation value and the axion potential of Eq. (3.5) will turn on, growing linearly with the Higgs vev. If the gradient of this potential becomes locally great enough to overcome the gradient of the g-induced relaxion potential, i.e. 6) then the relaxion will stop rolling and become stuck. Once it has become stuck the effective Higgs mass-squared has also stopped evolving. If g is taken to be appropriately small, then this evolution will cease at a point where the Higgs vev is small |H| M. As g is a parameter which can take values that are naturally small, and g ends up determining the final Higgs vev, a naturally small value for the weak scale may be generated. 6 If it could be taken at face value, the picture painted above is quite a beautiful portrait involving SM and BSM symmetries and dynamics. QCD plays a crucial role in determining the weak scale and solving the hierarchy problem. Only an axion-like field, already motivated by the strong-CP problem, is added. Inflation, which is already required in cosmology, provides the dissipation required for solving the hierarchy problem. We even find an explanation for some other puzzles in the SM, such as why there are some quark masses determined by the weak scale which are nonetheless lighter than the QCD strong coupling scale. However, as we will see, some puzzles remain to be understood, presenting a number of interesting areas to explore on the theoretical front.
Puzzles = Opportunities
To determine the viability of the relaxion mechanism it is necessary to consider any constraints on the theory, which we will mostly take directly from [6] and list here.
• ∆φ > M 2 /g: For the relaxion to scan the entire M 2 of Higgs mass-squared it must traverse this distance in field space.
• H I > M 2 /M P : Inserting the previous ∆φ into the potential we find that the vacuum energy must change by an amount ∆V ∼ M 4 . For the inflaton to dominate the vacuum energy during inflation we require V I > M 4 , which corresponds to the aforementioned constraint on the Hubble parameter during inflation.
• H I < Λ QCD : For the non-perturbative QCD potential to form, the largest instantons, of size l ∼ 1/Λ QCD , must fit within the horizon.
• H I < (gM 2 ) 1/3 : Fluctuations in the relaxion field during inflation (due to finite Hubble) must not dominate over the classical evolution if the theory is to predict a small weak scale.
• N e H 2 I /g 2 : Inflation must last long enough for the relaxion to roll over the required field range.
• gM 2 f ∼ Λ 4 QCD : It must be possible for a local minimum to form in the full relaxion potential whenever the Higgs vev is at the observed electroweak scale.
Combining these constraints it was found in [6] that the maximum allowed cutoff scale in the theory is
It is compelling that such a large hierarchy can be realised within the relaxion framework. On the other hand, since any new physics scales above this cutoff would introduce corrections to a fundamental scalar Higgs mass that are too large to be relaxed away within this framework, it is clear that a UV completion will be critical to understand the far ultraviolet story for the relaxion. A Supersymmetric realisation was recently provided [30] . Let us now saturate Eq. (3.7) and take f = 10 9 GeV to explore the other parameters of the theory. In this limit we find g ∼ 10 −26 GeV , ∆φ ∼ 10 40 GeV , 5 × 10 −5 GeV H I 0.2 GeV , N e 10 43 . (3.8)
All of these features are quite puzzling or unfamiliar. As such they may represent interesting opportunities for continued theoretical investigation. The parameter g which explicitly breaks the shift symmetry is extremely small and may perhaps violate conjectures such as 'gravity is the weakest force' [31] . Recent work along has already shed some light on this question [32] . On a related note, the required field displacement is not only large, it is 'super-duper Planckian' [33] How such large field displacements can be accommodated by a story involving quantum gravity remains to be fully understood. It is notable that the 'Axion Monodromy' models for large field displacements arise within String Theory and can be used for the relaxion [32] , so perhaps the mechanism can already be partly motivated and accommodated within theories of quantum gravity. With regard to the inflationary aspects, the Hubble parameter is much smaller than is typical in inflationary models. The number of e-foldings is huge. Although not a problem in principle, it may be difficult to realise a natural inflationary model with the appropriate slow-roll parameters which reheats the Universe successfully and also accommodates the observed cosmological parameters, such as the spectral tilt. These aspects have been explored recently within the context of explicit models [34, 35] . In addition, it has been shown that the mechanism can also be used at finite temperature, avoiding the necessity of an inflationary epoch [36] .
A more tangible puzzle arises in the simplest QCD model presented above, as it is already excluded by experiment. In the electroweak breaking vacuum the full relaxion potential will be minimized whenever
where V g is the scalar potential generated from the terms which explicitly break the shift symmetry, all originating from the parameter g, and V QCD is the axion-like potential coming from the nonperturbative QCD effects. Since the relaxion is stopped by QCD effects before it reaches the minimum of V g , the first term in Eq. (3.9) is non zero. This then implies that the second term in Eq. (3.9) must also be non-zero. By construction, V QCD is minimised whenever the effective strong-CP angle is zero, thus if it is not minimised the effective strong-CP angle must be non-zero. In fact, it is typically expected to be close to maximal if the relaxion has stopped in one of the first minima that appears after the Higgs vev starts to grow. This is in clear contradiction with experimental bounds on the strong-CP angle and so the model must be extended. Options explored in [6] include an inflaton-dependent relaxion potential, such that the gdependent terms effectively switch off after inflation terminates and the relaxion will roll to the nearest minimum of the axion potential, solving the strong-CP problem in the usual way. Alternatively, the details of the QCD model described above may almost be mimicked by adding new fermions which are charged under a new strongly coupled gauge group. If the dominant mass for the lightest fermion comes from the Higgs vev then a similar story plays out and it is not a problem that the effective θ -angle for this new gauge group is predicted to be large. Another model where the parameters of a similar construction also scan at the same time was presented in [37] , with a supersymmetric version in [38] . Looking to the future, progress in rescuing the QCD model, or in developing new non-QCD models, may arise.
Finally, it was suggested that there may be a deeper structural issue with the relaxion if it is to be identified as the Goldstone boson of a spontaneously broken compact global symmetry. The reason for this is that the g-dependent terms in the relaxion potential explicitly break a discrete gauge symmetry which would otherwise be preserved by the spontaneous symmetry breaking mechanism, essentially suggesting that in this case these potential terms cannot be generated within a local field theory [39] . However, there are a number of avenues that may alleviate this concern. It may be that the relaxion is not a Goldstone boson. At low energies it may appear as a scalar with an approximate shift symmetry with a UV completion that looks very different. 7 It may also be that, when the parameters of the potential are considered, the worrisome non-field-theory behaviour only enters at such high energies that you expect non-field-theory dynamics to be already present in any case [30] . Furthermore, recently field theory realisations of relaxion monodromy have been put forward [32, 41, 42] , and it has also been shown that the relaxion potential may be realised within field theory where the effective periodicity with respect to the decay constant f may be enhanced by a factor e N , where N is the number of axions in the model [43, 33] . In summary, the somewhat exotic form of the relaxion potential may be a focal point for future work on the relaxion and there may be more to learn about large field displacements and quasi-periodic potentials.
What to make of the puzzles described here is a matter of perspective. I would argue that the mechanism is original enough to warrant further investigation, and the various puzzles represent potential opportunities for theoretical progress. We may stand to learn some very interesting things along the way.
Summary
By choosing to focus specifically on two topics of recent interest I have only scratched the surface of the wide array of recent advances in BSM physics. However, if the health of a theoretical subfield is to be measured by its reaction to new experimental data and the generation of creative new theories, then I hope to have conveyed that BSM theory is in good shape.
